The article is focused on the issue of die forging in the automotive industry. The cooling effect of temperature on the structure of forged die are under review. In the article, there is elaborated the analysis of theoretical knowledge in the field, focusing on die forging and experimentally proven effect of the cooling rate on the final structure of forged dies made of hypoeutectic carbon steel C56E2.
Introduction
Die forging is an important part of production in the automotive industry and it is ranked in the processes of forming. Forming is a part of the mechanical (engineering) technology, and it's kind of production in which the material changes its shape and characteristics of the effect of an external force, the deformation of the material is durable. Depending We include the horizontal forging machines, various types of mills and forging machines among the special purpose machine for die forging. [3] In principle, we distinguish the methods of splitting with certain waste metal, such as saw cutting, flame cutting, demolition and parting, respectively cutting of material without waste such as cutting and breaking, which is cheaper. For die forging is suitable method of cutting.
Heating of material for die forging is very important because it significantly affects the structure of the material and its mechanical character. For heating of steel, there can be used gas ovens or a electric resistance heating or electric induction heating optionally. In our case, in the experiment, there was used electric induction heating. To achieve favourable performance in formability and fittings, we have observed some forging temperatures. It is important not only to properly determine the forging temperature, but also the overall heating mode, including holding at that temperature. In determining upper and lower forging temperature should be assumed that they must be between the highest and lowest permissible temperature for forming the material. Permissible heating temperature does not exceed the critical temperature of the grain growth. In addition to carbon steel temperature affects the grain growth and carbon content. The alloy steel is applied effect of alloying elements, especially those carbide formers, in temperature to achieve fine-grained structure. The tool steels hypereutectoid lower temperature practically does not intervene in the field of homogeneous austenite, since at high temperatures a homogeneous structure and in the further cooling would be a continuous to be rejected for cementite grid boundaries of austenite grains, leading to a reduction of the plastic properties. [3] An important element in the process of forming, there is the range of temerature. The upper limits of the forming temperature of the melting point which is about 200°C to 300°C below the solidus line. A lower molding temperature, hot forming limited transition temperature Feγ the Feα recommended about 50°C above the Ac3 in the line above the line hypoeutectoid Ac1 and the hypereutectoid steels.While during the forming temperature of the molding material drops below the lower molding temperature, material should be warm again and then continue molding. When heating the material to the forming temperature is necessary to take account of the chemical composition, cross-section of the material, method of storage material in the heating appliance, method, speed and time of heating. [1] After a forging process, the cooling of material follows. To achieve the desired mechanical properties of forged products, it is necessary to comply with the optimal temperature range of forging operations as well as chilling system of forged pieces. Because of the importance of controlled forming processes in highspecification forgings, there are monitored the thermomechanical conditions in the final stage of forging. As notable, there are the online measurements of the surface temperature after forging cross-section, which allow the creation of mathematical models for both the cooling phase of the free cooling as well as for individual forging operations after statistical evaluation. Based on the acquired knowledge, the optimum temperature for completion of the forging process of heavy forgings from carbon and medium-carbon steels isabout 800°C on the surface, and from 1050 to 1100°C in the central part. In the area of the phase transformations, there is further reinforced by the different volumes of structural components, possibly present residual stress and various defects. Slow cooling results in a balancing of temperatures of the cross section and thus to significantly reduce thermal stresses and a more favourable course of the structural adjustments within the whole volume of the forging. The cooling of forgings takes place as followsopen air individually or in stacks is mainly applied in smaller die forgings and free forgings made of carbon and low alloy steels. Forgings can cool in metal containers, possibly pits. Another possibility is chilling cooling forged in the filling, often in sand or ash. Use it for very demanding die forgings and free forgings of alloy steels. For heavy smith forgings especially sensitive to
The choice of forging is the important part of the process of die forging.. Used workpiece has an impact on the technologies in the subsequent production. There is a need to take into account a number of factors that must be considered in all respects. This is particularly the degree of deformation, the orientation of the fibers with respect to the orbit, the purity of the material, designed specifically its metallurgical processing and the centre of contaminated zone from the roller surfaces and the degree of utilization of the material. The types of semifinished classes on rod materials different profiles that are made with loose tolerances or calibrated. It may also be an intermediate form as divided bars to length, forged or stamped blanks, castings made into sand or metal molds, and precision casting, sheet metal weldments or in combination with the cast semi-finished products, forgings and weldments combined, molded blanks of plastics. [5, 6, 7] 
(PROPOSED) SUGGESTED METHODS OF EXPERI-MENTAL INVESTIGATION
The requirements of automotive manufacturers respecttively, in the designs of the forgings, there are given the conditions on the structure of the material properties of steels intended for surface hardening.
Of course, the structure of the production of forgings forged and controlled to ensure the requirements of the cooling process is adapted forgings forged such that the desired structure for low carbon steels guaranteed. The process of forging and controlled cooling affects the structure of the material significantly. In the experiment, there will be monitored forged material structure depending on the cooling rate after forging. The material of forging is hypoeutectic carbon steel C56E2. Requirement on a structure in the drawing, it is grain size of austenite "7 and smaller size, andthe secondary (ferrite-pearlite) grain 3 and more. A higher value means less grain.
Change of conditions i.e. time and intensity of cooling by changing parameters of the cooling tunnel after forging, reaches the various transitions or transformations of structure are at the time of the present type forging.
EXPERIMENTAL MATERIAL, EQUIPMENT AND TOOLS
Experimental tests were carried out on hypoeutectic carbon steel C56E2, alloy stainless steel suitable for induction hardened roller bearings. The experiment was applied on the workpiece, theround bar with diameter 50 mm, and its status has been heat unprocessed. Semifinished products were checked for macroscopic defects such as cracks, voids, pores and macro-segregation. The structure of the material is ferrite pearlite, potential occurrence of pearlite, spherical cementite is admissible. Austenite grain size is equal 7 or more (lower grain size). Device where the temperature measurements of forgings were carried out is named as a continuous cooling tunnel, which is captured in FIG. 2 . The length of the tunnel is 12 m, the transit time forging tunnel is 13 minutes.
For these reasons, clamps for tools used for HSC machining operations must meet substantially more demanding conditions than clamps used for traditional machining methods. As seen in Fig. 3 , the forgings are carried out of forging press (L) and by the hub, they are continuously moved along the conveyor into a cooling tunnel where there are three fans to cool the forging. Identification of the inlet temperature of the press is a TL, the inlet temperature T1 and T2 is the tunnel exit temperature of the tunnel.
Experimental equipment
When measuring the temperature in the cooling tunnel, there was used handheld infrared pyrometer KIMO KIRAY 200, which is shown in Fig. 4 . The measuring range is -50 to 850°C, and the measurement accuracy is -50 To -20°C ± 5°C, -20 to + 200°C: ± 1.5% rdg, 200 to 538°C: ± 2% rdg, 538 to 850°C: ± 3.5% rdg.
Figure 4 Hand infrared pyrometer KIMO KIRAY 200
4 EXPERIMENTAL WORK For the experiment, there were chosen three settings of cooling tunnel by changing the speed of the feeder (belt speed and distributor simultaneously), the conveyor speed of the cooling tunnel, the intensity of the air flow driven fan and exhaust heated air exhaust pipe. Variants were named 1, 2, 3 and parametrically described in Tables 1 and 3 . In the case of variant 1, there was stage conveyor speed 2 , speed cooling tunnel 80% in the first zone of the tunnel cooling fan power was 50% in the second and third zone cooling fan tunnel was closed and exit of the tunnel was opened exhaust pipe. In option 2, the degree of conveyor speed 2 speed cooling tunnel 70% in all zones of the cooling fan tunnel was closed and exit of the tunnel was opened exhaust pipe. In the case of variant 3, there was the stage of speed conveyors 3, the rate of cooling tunnel 50% in all zones of the cooling fan tunnel was closed and exit of the tunnel was opened exhaust pipe.
Experimental trials of controlled cooling of forgings
In the case of the first variant, there was found that 1% ferrite is not excluded in the microstructure and the secondary grain size no. 0-2 in a designated part of the forging, the rest of the greatness no. 2-4 (crooked secondary grain size). Microstructure for alternative 1 are shown in Fig. 5 and Fig. 6 . Segregation of pearlite is a mixture of partially spheroidised, lamellar pearlite and bainite transition. Bainite is undesirable component in the microstructure.
Option 1 -the proportion of ferrite / 1%, secondary grain size: 0-2 For the second variant, there was found that 1% ferrite is excluded in the microstructure and grain size of the secondary no. 0-2 in the largest area of all evaluated forged in the rest of the greatness 2-4 (crooked secondary grain size). Microstructure for variant 2 is shown in Fig. 7 and Fig. 8 . Exclusion of a mixture of perlite -partially spheroidised, lamellar pearlite and bainite transition. Option 2 also includes undesirable bainite in the microstructure. For the third variant, there was found that 1-2% ferrite is excluded in the microstructure and the size of thissecondary grain No. 2 -4. Microstructures for variant 3 is shown in Fig. 9 and Fig. 10 . Exclusion of a pearlite forms the mixture -partially spheroidised, transition pearlite with partially excluded lamellar pearlite. Structurally, this variant is satisfactory. 
EVALUATION OF THE RESULTS AND CONCLUSION
In the above results of the experiment, there were shown the effect of the cooling rate on the final structure of the forgings. The cross section, the structure was different with respect to grain size, which causing the change of geometry in the further processing of forgings, in machining mainly, (increasing of roundness or ovality) in quenching the increase of the grain size and when failure to comply with quenching pattern at the surface induction hardening. Harmonising -homogenizing ofthe structure without inserting (subsequent annealing) and supplying of additional energy achieves not only economic savings, but also high quality products -bearings for strength and durability. Options 1 and 2 for the appearance of bainite structure showed the unsatisfactory requirements on material C56E2. Option 3 is satisfactory in this respect. Exclusion is a mixture of pearlite here -partially spheroidised, perlite transition to partially excluded lamellar pearlite. Theory and experiment demonstrated that extending the period of holding the temperature range Ac1 -Ac3 there is a change in the pattern over the cross section parts. Thus facilitates respect to product quality requirements by drawing.
